This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGAN12ATION 
bitemational Bureau 




FCT 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioiial Patent Classificatioii ^ : 
G06F 12/02 



Al 



(11) InternatioDal PubUcatioD Number: WO 99/56212 

(43) Internatioiial Publication Date: 4 November 1999 (04.1 L99) 



(21) International AppUcation Number: PCnyUS99/08937 

(22) International Filing Date: 26 April 1999 (26.04.99) 



(30) Priority Data: 
09/067.495 



27 April 1998 (27.04.98) 



US 



(71) AppUcant: LEXMARK INTERNATIONAL, INC. [US/USJ; 

740 West New Circle Road. Lexington, KY 40550 (US). 

(72) Inventors: BROWN. John. Knox, HI; 3521 McNair Way, 

Lexington, KY 40513 (US). KEITH. Mathew. Scott; 115 
Redding Lake Circle, C5corgetown, KY 40324 (US). 

(74) Agent: SANDHtSON, Michael, T.; Lexmark Intamational, 
Inc., 740 West New Circte Road, Lexington. KY 40550 
(US). 



(81) Designated States: AE, AL, AM, AT, AU. AZ. BA. BB, BG, 
BR. BY. CA. CH, CN, CU. CZ. DE. DK, EE, ES. FI. GB, 
GD, GB, GH. GM, HR, HU. ID. IL. IN, IS. JP. KE. KG, 
KP, KR, KZ, LC, LK, LR. LS. LT, LU, LV. MD, MG. MK. 
MN. MW, MX. NO, NZ. PL. PT, RO, RU. SD. SE, SG, SI, 
SK, SL. TJ, TM, TR, TT. UA, UG. UZ. VN, YU, ZA. ZW. 
ARIPO patent (GH, GM. KE. LS. MW. SD. SL. SZ. UG. 
ZW), Eurasian patent (AM. AZ. BY. KG, KZ. MD. RU. TJ, 
TM). European patent (AT. BE. CH. CY, DE. DK. ES. FI. 
FR. GB. GR, IE. FT. LU, MC. NL. PT. SE). OAPI patent 
(BP. BJ. CF, CG, CI, CM. GA. GN. GW. ML. MR. NE. 
SN. TD. TG). 



Published 

With intemationai search report. 

Before the expiration of the time limit for amending the 
V claims and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: METHOD AND APPARATUS FOR RECLAIMING AND DEFRAGMENTING A FLASH MEMORY DEVICE 



HOST CO^lTTEa / 



Pifa ta f 
CocanA 



16 



L 



FRiNTBa 



n&sbDdecoor 



CLAM 



24 



L 



PRINTER CONTXtOL FIRMWARE 



tttioiririftii/Pofra3 



(57) Abstract 

A method and apparatus for reclaiming space on a flash memory device (20) is provided in which valid data is copied from an 
individually erasable sector on the flash device (20) to a designated memory location. The sector is then formatted or erased and the valid 
data is returned to the flash device (20) at the next available free space contiguously. A pointer is updated to keep track of the location 
of the next available recently formatted free space (102) on the flash device. The process is then repeated on each consecutive sector on 
the flash memory device (20) until all valid data becomes contiguous on one contiguous segment of the device and all free space becomes 
contiguous on a second contiguous segment of the device. In this maimer, the flash memory is defragmented and the largest possible 
contiguous flle can be written to the device (20). Files can be saved on the flash memory device (20) in contiguous file formats and blocked 
file formats. During the reclamation and defragmentation routine (22). the file format of the valid data is preserved. Also, file blocks on a 
sector which are originally non-contiguous become contiguous after the routine is perfonned. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identily States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


An»nia 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenui 


FI 


Finland 


LT 


Lithnania 


SK 


Sk>vakia 


AT 


Anstria 


FR 


France 


LU 


Luaembourg 


SN 


Senegal 


AV 


AustraKa 


OA 


Gabon 


LV 


Lttvia 


sz 


Swaziland 


AZ 


Azcrtxaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GB 


Gengia 


MD 


RepnbKc of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tki,pkistan 


BE 


Belghini 


GN 


Guuea 


MK 


The forroer Yugoslav 


TM 


1\nkiucnistan 


BF 


Buildna Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TT 


THnidad and Tobago 


BJ 


Benin 


IB 


frdand 


MN 


Mongolia 


UA 


Ukraine 


BR 


Bnoil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Cemtal African RtpobHc 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


CAcc d'lvotie 


KP 


Democratic People's 


N2 


New Zealand 






CM 


Camcfooo 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Rcnutnia 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Foderatioa 






DB 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


UC 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/56212 



PCTAJS99/08937 



METHOD AND APPARATUS FOR 
RECLAIMING AND DEFRAGMENTING A 
FLASH MEMORY DEVICE 

5 TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to a method and ^paratus for 
reclaiming space in a flash memory, and, more particularly, to a method and apparatus 
wherein the reclaiming process occurs on a block-by-block basis to the entire flash 
memory device, wherein the active files of the memory are defragmented during the 
10 operation, and wherein contiguous files remain in a contiguous format after the 
reclamation/defi^gmentation process 

BACKGROUND OF THE INVENTION 

It has become common to use a flash Electrically-Erasable Programmable 

15 Read-Only Memory (flash "EEPROM") as long-term memory in computers, printers 
and other devices. These memories reduce the need for separate magnetic disk drives, 
which can be bulky, expensive, and subject to breakdown. 

A flash EEPROM includes a large plurality of floating-gate field effect 
transistors arranged as memory cells in typical row and colunrn format and includes 

20 circuitry for accessing the cells and placing the transistors in one of two memory 
conditions. These memory devices retain information even when power is removed 
and can be erased electrically while in place within the system with which they are 
used, and therefore, can be used as a long-term memory. 

One disadvantage of a flash EEPROM in comparison to a hard disk is that the 

25 flash EEPROM must be erased before it can be rq>rogrammed, while the electro- 
mechanical hard disk can re-write the same area of a disk when information changes 
by changing the magnetic field stored in the area. Thus, when a file which is stored in 
a flash EEPROM changes, the changed information is written to a new block on an 
available circuit rather than written over the old data, and the old data is maiiced 

30 unavailable, invalid, or deleted, such as by changing a bit in the file header. 

Because a flash EEPROM cannot be reprogrammed until it has been erased, 
valid information that remains on the device must be rewritten to some other memory 
area each time the EEPROM is to be erased in order for the valid information to be 
preserved. Otherwise, this valid information will be erased along with the invalid or 

35 unavailable information in the flash memory. 

Until recently, flash EEPROMs had to be erased all at one time (i.e., portions 
of the EEPROM could not be erased separately from other portions of the EEPROM). 
With these types of flash EEPROMs, the EEPROM is erased by ^plying a high 
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voltage simultaneously to the source terminals to all of the transistors (cells) used in 
the memory. The erasing (also known as formatting) process involves putting all 
memory cells in a state of logical ones. 

Thus, with these types of flash EEPROM's, a spare memory equal to the size 

5 of the flash EEPROM had to be available in order to erase the EEPROM while 
retaining the valid data which was contained thereon. For example, if a four megabyte 
flash memory was used, another four megabytes of memory had to be reserved in 
order to erase the four megabyte flash EEPROM. This external memory could be a 
RAM chip, such as a static RAM or DRAM, or could comprise another flash memory 

10 array, for example. The valid files are then returned to the flash EEPROM from the 
external memory after the flash has been formatted. Thus, the space which is taken up 
by the deleted files is again made available. 

U.S. Patent No. 5,581,723, issued to Hasbun, discloses a process which allows 
portions of the flash EEPROM to be erased separately from other portions of the flash 

15 EEPROM. This patent discloses a method for "clean-up" of the EEPROM so that 
dirty sectors on it can be released. According to the process, a particular block of the 
flash memory to be cleaned up is selected. The selection is made based on which 
block of the flash array is the dirtiest and which block has been through the lowest 
number of clean up operation. Once the appropriate block to clean up has been 

20 chosen, available free sector space on other blocks of the flash memory is located. 
Once the space to store a valid sector has been located, valid data from the block 
being cleaned up is moved to the available space. The copying of the valid sectors on 
the block being cleaned up continues imtil all of the valid sectors on the block have 
been moved to the available free space. Then, the block to be cleaned up is erased 

25 separately from the other blocks on the array. 

U.S. Patent No. 5,634,050, issued to Krueger, discloses a reclamation routine 
which reclaims the allocated regions in a block of a flash EEPROM. According to the 
patent, a block may be reclaimed at several different times, such as when there is 
insuflicient fiw space to satisfy an allocation request or when the ratio of de-allocated 

30 space to block size exceeds a threshold value. The flash EEPROM manager reclaims 
a block by copying the allocated regions to a spare block, a block that has been erased. 
The patent also discloses that the flash EEPROM manager could copy the allocated 
regions to non-flash EEPROM memory, then erase the block. According to the 
patent, the allocated regions can be copied to be contiguous. 

35 While these patents disclose methods for reclaiming particular portions of a 

flash EEPROM device when free space is needed, they do not disclose the reclamation 
and defragmentation of all of the free space on the device. Thus, because all fi^e 
space on the device is not made contiguous by these methods, a large contiguous file 
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could not be written to the flash memory disclosed in these references, even after the 
method is performed. Thus, there is a need for a method and apparatus which allows 
for reclaiming space on a flash memory device on a portion-by-portion basis, and 
which also allows for all of the invalid space on the entire flash memory array to be 

5 reclaimed and defragmented in one continuous operation, so that all possible free 
space is made contiguous. 

Moreover, the references do not disclose reclamation methods which allow 
both blocked files and contiguous files to be stored on the same flash device and 
which maintain the structure of the file during the reclamation process. It is desirable 

10 to save both contiguous files (a file which has all of its data stored contiguously) and 
blocked files (a file which has data stored in blocks which can be fragmented across 
the flash) on the same flash. Then, upon restoration of the space on the flash device, 
valid contiguous files should be returned to the flash device as contiguous files and 
blocked files should be returned to the flash as blocked files, 

15 Thus, there is a need for a method and apparatus for restoring and 

defi^gmenting an entire flash memory so that all free space is made contiguous, and 
which can restore valid files in their original format, such that the benefits of both 
types of file formats (contiguous or blocked) can be retained. 

20 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a method and 
apparatus for restoring and defragmenting an entire flash memory device on a portion- 
by-portion basis, without any loss of valid data on the device. 

It is another object of the present invention to provide a method and apparatus 
25 for reclaiming and defragmenting storage space used by deleted files on a flash 
memory device which require a minimal amount of fi^e memory for performing the 
reclamation process. 

Yet another object of the present invention is to provide a method and 
£q>paratus for reclaiming space on a flash memory device which allows for the entire 
30 flash memory device to be defragmented, such that all available space on the device 
becomes contiguous, thereby providing space for the largest possible file to be written 
to the device. 

Another object of the present invention is to provide a method and apparatus 
for the reclamation of invalid data on a flash memory which can also restore valid 
35 files to the flash memory device in their original format. 
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Another object of the present invention is to provide a method and apparatus 
for recovery of storage space on a flash memory which allows contiguous files to 
maintain their contiguous nature both before and after the restoration process. 

Additional objects, advantages and other novel features of the invention will 

5 be set forth in part in the description that follows and will become apparent to those 
skilled in the art upon examination of the following or may be learned with the 
practice of the invention. 

To achieve the forgoing and other objects, and in accordance with one aspect 
of the present invention, a system for reclaiming memory filled by invalid data on a 

10 flash memory device is provided. The system includes a flash memory device which 
is divided into a plurality of individually erasable memory portions, a designated 
memory area, and a memory reclamation mechanism. The memory reclamation 
mechanism is configured to copy all valid data from one of the memory portions of 
the flash memory to the designated memory area, erase the memory portion that was 

15 copied, and to write the valid data from the memory area contiguously to the next 
available free space on the flash memory device. The memory reclamation 
mechanism is also configured to repeat the copying, erasing, and writing for each of 
the plurality of memory portions in a consecutive order. In one embodiment, the 
reclamation mechanism starts at the first portion on the flash memory and continues 

20 without interruption fix)m portion to portion through the last portion. In this 
embodiment, all valid data becomes contiguous on a first contiguous segment of the 
flash device and all free space becomes contiguous on a second contiguous segment of 
the device. 

In another aspect of the invention, a method for reclaiming memory filled by 
25 invalid data on a flash memory device is provided. The method comprises accessing 
an individually erasable memory portion of the flash device, and copying valid data 
from the accessed portion to a designated memory area having a memory edacity at 
least as large as the accessed portion. The method also comprises erasing the accessed 
memory portion, and writing the valid data from the designated memory area to the 
30 next available free space on the flash device. The writing step is performed such that 
the valid data is stored contiguously on the next available firee space on the flash 
device. These steps are repeated on each successive individually erasable memory 
portion of the flash memory device. In one embodiment, a pointer mechanism is 
updated after the writing step to indicate the location of the next available free space 
35 on the flash memory device. 

Still other objects of the present invention will become ^parent to those 
skilled in this art from the following description wherein there is shown and described 
a preferred embodiment of this invention, simply by way of illustration, of a best 
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mode contemplated for carrying out the invention. As will be realized, the invention 
is capable of other different aspects and embodiments without departing from the 
scope of the invention. Accordingly, the drawings and descriptions should be 
regarded as illustrative in nature and not as restrictive in nature. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims particularly pointing out and 
distinctly claiming the invention, it is believed that the same will be better understood 
from the following description taken in conjxmction with the accompanying drawings 
10 in which: 

FIG. 1 is a block diagram illustrating an embodiment of the restoration and 
defragmentation device of the present invention in one possible environment in which 
it can be used; 

FIG. 2 is a representation of a portion of a flash memory array before 
15 restoration and defragmentation have occurred according to the principles of the 
present invention; 

FIG. 3 is a representation of the portion of flash memory of FIG. 2 after 
restoration and defragmentation have been applied according to the principles of the 
present invention; 

20 FIG. 4a is a representation of a linked file header management system 

corresponding with the files shown in the flash memory of FIG. 2; 

FIG. 4b is a representation of a linked file header management system 
corresponding with the files shown in the flash memory of FIG. 3; 

FIG. 5, including FIG. 5a, FIG. 5b, FIG. 5c, and FIG 5d, is a flow diagram 
25 illustrating a method of flash memory restoration and defragmentation, according to 
one embodiment of the present invention; and 

FIG. 6 represents the physical movement of data according to one embodiment 
of the flash memory restoration method of the present invention. 

30 

DETAILED DESCRIFHON OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings in detail, FIG. 1 is a block diagram illustrating 
one possible environment in which the flash memory restoration and defragmentation 
35 routine of the present invention may be utilized. As shown in the figure, a host 
computer 12 is connected to a printer 14, as is known in the art. The host computer 
preferably includes RAM memory, ROM memory, a microprocessor, operating 
software, and other equipment, hardware, firmware, circuitry, or software for use with 
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computers and computing devices. The computer 12 can also include printer control 
software 16 which allows the user to utilize the host computer for controlling or 
modifying the operations of the printer 14. Software for obtaining this purpose is 
described in U.S. Patent No. 5,720,015, issued to Martin et al., the entire disclosure of 

5 which is incorporated herein by reference. This software provides fimctions such as 
copy commands, move commands, rename file commands and other printer resource 
management control fiinctions necessary for optimum printer operation. 

The printer 14 includes printer control firmware 18 which is utilized by a 
printer controller for effecting various printer functions such as maintaining a control 

10 panel, interpreting incoming print jobs, and handling commands and data received 
from the host computer 12. The printer 14 also includes a flash memory 20 which can 
be used to store data and instructions for printer operations. For example, the flash 
memory 20 can be used as a non-volatile long-term storage device, and as an 
alternative to the traditional long-term storage provided by magnetic disk devices. 

15 The type of data which might be stored on the flash memory 20 includes various font 
files which the user may wish to store in the printer 14. Once the user downloads a 
particular font fUe to the printer 14 it can be saved in the flash memory 20 and 
therefore, when the user wishes to use the same font again, the file need not be 
downloaded from the printer 12, thereby providing a more efficient print operation. 

20 Printer control macros can also be stored in the flash memory 20. Such macros can be 
used, for example, to generate headers on the top of a page on a word processor 
program. Downloading and saving font and macro data to a flash memory of a printer 
is described in detail in U.S. Patent No. 5,239,621, the entire disclosure of which is 
incorporated herein by reference. 

25 As discussed above, because of the nature of flash memory devices, when the 

font files or macro files or other data which is saved in the flash memory 20 is 
changed, the original file is marked "invalid" (i.e., "deleted") by changing a bit in the 
file header, as discussed in more detail below. The data for the file remains on the 
flash memory, however. 

30 If the file is a "blocked" file, it may be appended to by simply writing the 

additional blocks for the file to the next available blocks in fcee space of the flash 
memory 20. Thus, the data for a blocked filed can be firagmented in several different 
non-contiguous data blocks throughout the flash memory. In addition, the header 
block for the blocked file can be separate fix)m the data blocks. However, a 

35 "contiguous" file caimot be appended to in this manner. The data for a contiguous file 
must be saved contiguously so that the file can be executed directly out of the flash 
memory. Thm, to change or modify a contiguous file, the file header of the old 
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version must be marked as invalid and an entirely new file created in fi-ee space in the 
flash memory 20, 

At some point, it may be necessary to restore the memory utilized by deleted 
files on the flash memory 20, so that other files can be written to the device. For 

5 example, if the user attempts to write a file to the flash memory 20 and there is not 
enough room on the memory 20 to write the file due to its length, the printer control 
firmware 18 can indicate to the user through the computer 12 that the file cannot be 
written and that the flash memory 20 should be restored and defiragmented. 
Alternatively, an "out of flash memory*' message may appear on the display panel for 

10 the printer. In addition, rather than waiting until the user attempts to write a file 
which is too large, the printer control firmware 18 can monitor the amount of memory 
on the flash memory 20 and indicate that the flash memory 20 should be restored 
when a predetermined ratio of available space to total space is reached. Other 
memory monitoring routines could be utilized as well. 

15 Also, as another alternative, the user could decide to restore and defiragment 

the flash memory 20 on his or her own initiative, and without prompting from the 
printer 14 or computer 12. In this embodiment, once the user sends the appropriate 
command to start the routine, the amount of '^vasted" space taken up by inactive files 
is calculated by adding the amount of available "firee space" and the amount of space 

20 taken up by "active" files (i.e., valid or undeleted files) and subtracting this number 
from the total capacity of the flash memory device 20. If the amount of ''wasted" 
space is less than a predetermined amount, the user can be informed that restoration 
arid defragriientation is not necessary. 

If invoked, the flash memory restoration/defi^gmentation routine 22 reclaims 

25 space taken up by invalid files m the flash memory 20 and defi^gments the entire flash 
memory so that all valid files are in a contiguous relationship and all free space on the 
flash memory is also in a contiguous relationship as described in further detail below. 
This not only reclaims the space taken by the invalid files but also places all of the 
fiw space on the flash memory 20 in a contiguous relationship, thereby providing 

30 space for the largest possible contiguous file to be placed on the flash memory. In 
addition, the routine 22 allows both contiguous and "blocked" files, which may be 
stored on the flash memory 20, to be returned to the flash memory while maintaining 
their respective contiguous or blocked nature. 

Furthermore, the flash memory restoration/defiagmentation routine 22 is 

35 performed to the entire flash memory 20 but on a sector-by-sector basis. Thus, rather 
than having to designate a firee memory array equal to the size of the flash memory 20 
to perform the routine 22, the designated memory need only be equal in size to the 
size of the sector divisions on the flash memory 20. The routine 22, in addition to 
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addressing the flash memory on a sector-by-sector basis can also transfer data on a 
block-by-block basis. In a preferred embodiment, a sector on the flash device is 256 
kilobytes in size and each sector is divided into blocks which are 256 bytes in size. 
Thxis, the free space which is designated for use during the routine need not be 
5 contiguous because data can be moved on the smaller block-by-block basis. 

Li the embodiment shown in FIG. 1, an external RAM memory 24 is used to 
perform the routine 22. The free memory on the RAM 24 need only be as great as the 
size of the sector divisions on the flash memory 20, and this free memory, as noted, 
need not be contiguous. This memory 24 could comprise other memory devices and 

10 could also comprise a designated free memory portion on the flash memory 20 itself 
A portion of the flash memory 20 is schematically illustrated in FIG. 2. As 
shown in the figure, the memory is divided into a plurality of sectors 30, 32, 34, and 
36, and each of the sectors is divided into a plurality of blocks 40, 42, 44, 46, 48, 50, 
52, and 54. Preferably, the sectors are 256 kilobytes of memory and each block is 256 

15 bytes of memory. However, it is contemplated that alternatively sized memory 
divisions can be utilized without departing from the scope of the present invention. 

It is preferred that a sector is addressed on a "logical" or 'Virtual" basis, rather 
than a "physical" basis. In this way, a number of '^physical" sectors from a number of 
flash memory chips can be combined into one "logical" sector address. For example, 

20 if each chip has 8 bit capacity, combining 4 flash memory chips into 1 "logical" sector 
results in each data location of a logical sector being 32 bits wide. 

As shown in FIG. 2, the files which are saved in the flash memory device 20 
are saved both in "blocked" file format, such as file 1 which spans blocks 44-48 of 
sector 30, and in "contiguous file format", such as file 2 which spans blocks 50-54 of 

25 sector 30 and blocks 40-44 of sector 32. The ability to save files in the desired format 
in the same flash memory array, provides the flash memory with the advantages of 
both types of files. For example, a file that would be typically appended fi^uenfly 
should be saved in the blocked file format, such that ^pending the file can be 
achieved while using the minimum amount of memory space. On the other hand, a 

30 file which will be executed fix)m memory should be saved in a contiguous file format, 
such that the file can be executed directly out of the flash memory 20. Executable 
files which are saved in a blocked format must be first arranged contiguously in 
another memory device, such as RAM memory, in order to be executed. This 
additional step of having to rearrange the file reduces efficiency. 

35 The flash memory 20 of FIG. 2 also contains some files which have been 

"deleted" by being mariced invalid. These files include the blocked file 3, which spans 
blocks 46-52 of sector 32, and the contiguous file 5, which spans box 48-54 of sector 
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34. These deleted files take up space in the flash memory 20 and therefore waste a 
portion of the available memory. 

The flash memory 20 of FIG. 2 also includes a file system header 60, at block 
40 of sector 30, and a block allocation bit map 62, at block 42 of sector 30. The file 

5 system header 60 is a file which includes a number which indicates that the flash 
memory 20 is valid, a pointer to the first file in the flash memory 20, a flag which 
indicates whether the memory 20 can be written to, a number indicating the size of the 
flash memory, and a number indicating the version of the file system header (the file 
system header can be modified and updated over time). 

10 The block allocation bit map 62 is a bit map which indicates whether each 

block on the flash memory 20 has been written to or, alternatively, has not been 
written to and therefore constitutes firee space. Thus, whenever data is written to a 
block of the flash memory 20, the bit map is updated to show that the newly written 
blocks have been filled. Similarly, whenever one or more portions for the entire flash 

15 memory device 20 is erased (or "formatted") the block allocation bit map indicates 
that the flash memory has fi«e space at those locations. Thus, the blocks in which any 
file is stored, whether the file has been marked deleted or is still active or valid, are 
indicated in the block allocation bit map as being allocated (or ''used"), and the 
remaining blocks to which data has not been written are indicated as being deallocated 

20 (or "fiee"). Although shown as taking up only 1 block in FIG. 2, the block allocation 
bitmap will actually take up 9 blocks on a 4 megabyte flash memory device. 

Each file shown in FIG. 2 also has a file header at the first block used up by 
the file. Preferably, this file header includes a niunber indicating that the memory is 
valid, the name of the file, a pointer to the first block of data in the file, a pointer to 

25 the next file, and a number mdicating the size of the file. Other data can be included 
in this file header such as a description of the file, a pass word, and an indicator 
whether the file is hidden. If the file is a blocked file (i.e., is stored in a series of 
linked blocks rattier than contiguously), the "size" field of the file header can be filled 
with all logical Ts. If, on the other hand, the file is a contiguous file, the field for the 

30 size of the file is filled with a number indicating how many bytes are taken up by the 
data of the file. 

Blocks 48-54 of sector 36 in FIG. 2 represent the fi^ee space available on the 
flash memory 20. It is in this fi'ee space that additional files, such as modified 
contiguous files, or additional blocks, such as blocks to be appended to a blocked file, 
35 are written. The device using the flash memory 20 knows where to put this new data 
by looking at the block allocation bit map or by utilizing some other pointer 
mechanism. 
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As shown in FIG. 2, the data for a blocked file is saved in various blocks 
across the flash memory. These data blocks need not be contiguous because the file is 
a blocked file, meaning that all of the data blocks are linked. Each data block has a 
header at its beginning which contains a pointer which points to the next block in the 

5 data file. The data block header also has a number indicating how much of the data 
block is used. In this manner the data for a blocked file can be reconstructed because 
of the pointer in the block headers. Therefore, data for a blocked file can be 
jfragmented across the flash memoiy 20. As shown in FIG. 2, die data for file 1 spans 
blocks 46 to 48 of sector 30, block 54 of sector 34, and blocks 40-42 of sector 36. 

10 FIG. 3 illustrates the flash memory 20 after the restoration and 

defragmentation routine according to one embodiment of the present invention has 
been applied. As shown in FIG. 3, the deleted files, (files 3 and 5) have been removed 
from the flash memory device 20, thereby reclaiming additional firee space on the 
device for saving additional and larger files. As also shown in FIG, 3, all of the valid 

15 data is contiguous starting from the first block of sector 30 to block 46 of sector 34. 
(Because data is read, written, and moved in blocks, there may be some nominal 
amount free space between blocks, such as between files. However, this free space 
will be relatively small. Thus, the term "contiguous" as used herein should not be 
limited to "absolutely*' or "completely" contiguous, but, rather, refers to 

20 "substantially" contiguous.) Thus, instead of simply freeing up the blocks taken up by 
files 3 and 5, the routine defi:agments the entire flash memoiy 20 such that all of the 
free space is contiguous, thereby moving the valid data blocks toward the beginning of 
the flash. Both contiguous and blocked file blocks can be moved as neciessary to 
make the valid date contiguous. This allows the largest possible contiguous file to be 

25 written to the flash memory. 

FIG. 4a illustrates the linked file and linked block structure described above 
with respect to FIG. 2, and corresponds with the data shown in the flash memory of 
FIG. 2. As noted above, the file system header has a pointer which points to the 
address of the file header 63 for the first file in the flash memory. This file header 63 

30 then points to the header 68 of the next file in the flash memory, which in turn points 
to the header of the third file header 72 m the flash memory, and so on. Thus, all of 
the file headers are linked sequentially from the first file written to the flash to the last 
file which was written. Thus, if the printer wishes to obtain and utilize file 4, it will 
look in the file system header 60 which will point it to the file header 63, which in 

35 turn will pomt it to the file header 68, which will point to the file header 72, which 
finally points to the desired file header 82. The printer knows when it has reached the 
correct file because the desired file name will match the file name in the file header 
82. Whenever the file name does not match, the printer accesses the pointer to the 
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next file header, and goes to that file to search for the file name. The searching of the 
file headers continues until a match is found on a valid file, or the end of the list is 
reached 

Likewise, the data block headers for blocked files are linked. Thus, for 
5 blocked file 1, the file header 63 points to the first data block 64. The header of the 
first data block 64 then points to the second data block 66, and the header for data 
block 66 points to the next data block, data block 80. This continues through all of 
the data blocks of the file. A data block of a blocked file is marked as being the last 
block in the file by placing a code in the pointer of its header, such as, for example, a 
10 series of logical I's. Thus, if the printer wishes to pull together the data for file 1 
shown in FIG. 4a, it locates the file system header 60 which points to the header 63 of 
file 1 . The header 63 points to the first data block 64 of the file which points to the 
next block, and so on, as noted above. The data can then be pulled firom these blocks 
into contiguous space in a memory, if desired, so that the data can be executed by the 
15 controller. 

In contrast, for a contiguous file, such as file 2, the file header 68 points to the 
address of the first block of data for the file, but the blocks of data for the file are not 
linked by headers, as shown in FIG, 4a. Rather, the file header 68 has a field which 
indicates the size of the contiguous file. By knowing the address of the start of the 

20 data and the size of the file, both of which are stored in the file header, the controller 
can determine where to start reading the data and when to stop reading the data. Thus, 
the file can be executed directly out of the flash memory. 

FIG. 4b shows the linked headers after restoration and defi-agmentation has 
been performed on the flash memory. This linked header configuration corresponds 

25 with the flash memory configuration shown in FIG. 3. File 3 and file 5 were removed 
during the restoration process because they were mariced as invalid, and the flash 
memory was defragmented, thereby changing the locations of the blocks of data in the 
flash. Accordingly, the file headers must be updated to point to the correct file 
locations. For the configuration of FIG. 4b, file header 68 for file 2 now points to the 

30 address for header 82 of file 4. Likewise, file header 82 of file 4 has been updated to 
point to the address for header 98 for file 6. 

The data block locations for file 4 and file 6 will have changed as well. Thus, 
the file header 82 has been updated to point to the new location of the data block 84. 
The headers for the data blocks 84, 86, and 88 have been updated as well. Similarly, 

35 the file header 98 for file 6 is updated by the routine to pomt to the new location of 
data block 100. It is contemplated that other means of file management could be used, 
other than linked header system shown in FIG. 4, without departing from the scope of 
the invention. 
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FIG. 5 is a flow diagram starting at FIG. 5A, and continuing to FIG. 5B, 5C, 
and 5D, illustrating a preferred embodiment of the operation of the restoration and 
defragmentation routine 22 of FIG. I. The routine can operate on the flash memory 
20 on a sector-by-sector basis and continue sequentially from sector to sector until 

5 each sector has been subject to the routine. In this embodiment, no other data is 
written to the flash memory by the printer until the restoration/defragmentation 
routine has been completed on all sectors in the flash memory. 

FIG. 5A illustrates the process of copying files from a sector of the flash 
memory to the designated free space in the external RAM (or other designated 

10 memory device), and then formatting the flash memory sector copied. The operation 
is started at block 200. Then, at block 202, the routine accesses the current sector of 
the flash memory 20 and addresses the first file on this sector using the linked file 
header system, such as that of FIG. 3 for example, which is initially copied to a list. 
According to this step, the first address on the list that is within the boundaries is 

15 accessed. (The current sector is initially defined to be the first sector on the flash 
memory. The method will then proceed sequentially through the remaining sectors of 
the flash array, as discussed in more detail below.) 

At block 206, the file header for the file is copied to the designated fi^ space. 
As shown in FIG. 1, this free space can comprise space on a RAM memory device 

20 external to the flash memory device. Alternatively, the free space can be located on 
the flash device. As noted above, the free space need only be as large as the size of a 
sector on the flash (e.g., 256 kilobytes). 

Once the file header is copied, it is determined, at block 208 whether the file is 
contiguous. This can be achieved, as noted above, by determining whether the size 

25 field in the file header is equal to a certain predetermined code, such as a plurality of 
logical Ts. It is contemplated that other means for determining whether the file is 
contiguous could be utilized, such as by setting a bit in the header to a 1 or a 0 
depending on the type of file. 

If the file is contiguous, decision block 210 is executed and it is determined 

30 whether the entire file is located in the particular sector at issue (i.e., the "current 
sector). This can be achieved by adding the file size, stored in the file header, to the 
location of the first block of data for the file, also stored in the file header. If this sum 
is greater than the address of the next sector, then the file is not contained entirely in 
the current sector, and, instead, runs over into the subsequent sector or sectors. The 

35 addresses for the various sectors can be stored or calculated in a nimiber of maimers. 
For example, a list of the offset locations for the flash sectors can be stored. When 
necessary, this number can be added to an offset for the flash memory itself to get the 
address for the particular sector. Alternatively, a table of the start and stop boimdaries 
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for each sector can be kept. As another alternative, because the size of each sector is 
known ahead of time, a calculation can be made to determine the address of the start 
of each sector. 

If the contiguous file does run over to the next sector or sectors, then block 
5 212 is executed and the rest of the data in the current sector is copied to the designated 
fi-ee space. Then, the process proceeds to block 222 and the current flash sector just 
copied is formatted. Formatting (or erasing) of the sector is typically performed by 
applying a voltage to a location on the sector which applies the voltage to all of the 
cells on the sector, thereby resetting them to the logical 1 state. After formatting, the 
10 routine continues to block 224 of FIG, 5b. 

If, however, it is determined at block 210 that the entire file is located in the 
current sector, then block 214 is executed and the amount of data for the file, 
indicated by the file size field of the file header, is copied fi-om the flash memory to 
the fi*ee space. 

15 After block 214, block 220 is executed and it is determined whether the next 

file is in the current sector. This can be achieved in the embodiment described above 
by checking the file header of the current file for the pointer pointing to the next file. 
If this pointer shows an address inside of the current sector boundaries, which are 
known, then the routine loops back to step 202 and the next file in the sector is 

20 addressed. If, however, it is determined that the next file is not within the current 
sector, then the entire current sector is formatted at step 222, and the process 
continues to block 224 of Fig. 5b. 

On the other hand, if it is determined at step 208 that the file is not contiguous, 
such as according to the methods described above, then the file is known to be a 

25 *l)locked** file. If this is the case, the routine continues to block 216 where it is 
determined if the next data block for the file is in the current sector. During the first 
iteration involving a blocked file, this is deteraiined by examining the pointer in the 
file header which points to the address of the first data block for the file. If this 
address is within the sector boundaries (which are known ahead of time or calculated, 

30 as discussed above), then that data block is copied to the fipee space at block 218. The 
routine then returns to block 216 and, during subsequent iterations, the pointer in the 
block headers for the file are examined to determine if they are on the current sector. 
If this is answered in the afRrmative, the loop from block 218 and back to block 216 is 
continued, and additional blocks for the blocked file are copied to the fi^ space. 

35 Once it is determined, at step 216 that the next data block is not in the current 

sector or that the last data block for the blocked file has been reached, (as indicated on 
the block header for the last data block for the file in the sector), then the routine 
continues to step 220. 
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As noted above, at step 220, it is determined if the next file is in the current 
sector by examining the pointer to the next file on the current file header (which has 
akeady been copied to the firee space at step 206). If the next file is in the current 
sector, the operation returns to step 202 and the next file is obtained. If the next file is 

5 outside of the current sector boundaries, however, the sector is formatted, at step 222 
and the method continues to block 224 of FIG. 5b. 

FIG. 5b illustrates the operation of the routine as it examines the data in the 
external RAM which has been copied from the flash memory. At block 226, it is 
determined whether the sector which has just been copied and formatted, through the 

10 steps of FIG. 5 A, is the first sector on the flash memory. This can be decided, for 
example, by comparing the "current sector" address to the address of the first sector, 
or by comparing the "current sector" number to the number of the first sector. If the 
current sector is the first sector on the flash, then the flash file system header and the 
block allocation bitmap (see numerals 60 and 62 of FIG. 2), must be recreated on the 

15 first blocks of the flash memory. For the file system header 60, the version field 
should be incremented to indicate that a new version of the header is being written. 
Also, the pointer which points to the first file on the flash memory should be changed 
once the first file is returned to the flash, as described in further detail below. 
Initially, when the flash system header is first re-written to the flash, ttiis pointer can 

20 be set to a default to indicate that it is the first and last file in the flash memory. 

The bitmap 62 should be re-created to indicate that only the blocks for the file 
system header 60 and the bitmq) itself are currently allocated. The bitmap is then 
continually updated as new data is written back to the flash memory during the 
restoration/defiragmentation process and thereafter, and thereby acts as pointer to the 

25 next available free space. 

If the current sector is not the first sector, or, alternatively, after the recreation 
block 228, the first file in the external RAM memory is obtained, at block 230. This 
can be achieved by first copying all of the linked headers to a list at the start of the 
routine (as noted above). Then, the list is consulted and the first data block that is in 

30 the RAM that corresponds with an address on the list is obtained. The header for this 
data block is read from the list and the field indicating whether the file is valid or 
active is accessed. It is then determined at step 231 whether the file is valid based 
upon this field. If the field indicates that the file is not valid, then the routine loops 
back to block 230 and gets the next block from the RAM that corresponds with an 

35 address on the list. (It is also contemplated that data can be checked for validity 
before it is copied to the RAM so that only valid data is copied to the RAM.) 
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However, if the file is valid, it is detemiined (at step 232) whether the block 
corresponds with a contiguous file. The file size field will indicate if the block 
corresponds with a contiguous or a blocked file. 

If the file is contiguous, then it is determined, at step 234, whether the file 

5 began during this sector or is a continuation of a file fi-om an earlier sector. If the 
contiguous file has a file header block widi an address in the current sector 
boundaries, then it is known that the file is not a continuation and the file header must 
be copied to the flash memory first at the next available formatted fi-ee space on the 
flash memory as indicated by the bitmap 62. By writing to the next available firee 

10 space rather than to the same sector fi^m which the data came, the valid data on the 
flash memory is defi^gmented. This occurs at step 236. 

After this step, step 238 is executed and the pointer in the header for the file 
previously copied back to die flash memory must be updated to point to the new 
location of the file header just copied back. The previous file copied can be reached 

15 by going to the recreated file system header in the flash and running through the file 
headers until the last file is reached (as can be indicated by a default). Alternatively, a 
second list can be kept in memory of the file header locations which have been written 
back and the last file location can be chosen. The pointer field in this previously 
copied file header is updated to point to the location of the latest file header copied 

20 (the header copied at step 236). 

Then, once the file header has been copied, step 240 is executed and the file 
data associated with the contiguous file is copied back to the flash memory at the next 
available fi-ee space (As noted above, the location of the next available fi-ee space can 
be determined by the bitmap 62, which is continually updated as data is written, or by 

25 keeping a pointer.) This can be achieved by determining the file size in the file header 
and copying the amount of data shown by the file size field fi-om the RAM to the flash 
memory. This step is also executed if the file is a continuation of a file, as determined 
at step 234. The only difference is that, if the file is a continuation, then the file 
header should not be copied back to the flash. Only the data for the file is copied back 

30 to the flash and not the header, in this scenario. 

The amount of data to be copied is indicated by the file size field of the 
contiguous file header, as noted above, and this file size field can be saved in a 
variable in the program. A ruiming tally of the amount of data which has been copied 
for the contiguous file can also be kept and compared to this file size variable to 

35 ensure that all data for the file is copied contiguously. 

Then, the routine proceeds to step 242 where it is determined whether there is 
additional data for the contiguous file located in the next sector of the flash memory. 
This can be determined by examining the file size variable and the running tally of 
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data copied from the RAM. If the tally is less than the file size variable, then 
additional data needs to be obtained from the next sector, copied to the RAM, and 
returned to the flash memory at the next available free space. 

If there is more data to be copied from the next sector for the contiguous file, 

5 then the routine proceeds to FIG. 5C. If there is no more data for the contiguous file 
m the next sector, then the routine proceeds to step 244 where it is determined if there 
is more data in the RAM which has not been returned to the flash. This step can be 
achieved by keeping a running pointer in the RAM memory of the copied data which 
has been processed out of the RAM. If there is more data in the RAM to be 

10 processed, then the routine returns to step 230 and the next block of data in the RAM 
is obtained. If there are no more data blocks to be processed in the RAM (e.g., the 
pointer is at the end of the designated memory), then the procedure proceeds to block 
245 and the next sector on the flash array is addressed (i.e., the sector inmiediately 
following the "current** sector). This "next sector" becomes the "current sector" and 

15 the process proceeds to block 200 of FIG. 5a so that the restoration process can be 
carried out on this next sector. 

If it is determined at step 232, on the other hand, that the block corresponds 
with a "blocked" file, then the routine proceeds to step 246 where it is determined if 
the block is the start of a new blocked file or a continuation of a block file. This 

20 determination can be made by determining the location of the file header for this block 
and determining whether that header is in the boundaries for the current sector. 
Alternatively, it can be determined if the data for the file retrieved starts with a file 
header. If the file is a new file, then the routine proceeds to step 248 and the file 
header block is copied to the flash at the next available flash free space. Step 250 is 

25 then executed and the previous file header copied to the flash is updated such that its 
pointer points to the address of the latest file header to be copied (the file header 
copied at step 248). Step 250 is similar to step 238 described above. 

If the block of data is issue does not correspond with a new file (it corresponds 
with a previously restored file header), then it is a data block and it also needs to be 

30 copied to the flash memory, at step 252. However, instead of updating the file header 
of the previous file copied, the pointer in the block header for the previous block 
copied to the flash for the file needs to be updated, and this is shown at step 254. The 
routine can recognize, through the copied file link list, stored in memory, with which 
file that the block is associated. Then, the flash memory is accessed, that file is 

35 located through the file headers, and the last block of the data blocks is located 
through the linked data block headers, as described above. The header for this last 
data block is then updated to point to the address of the block just copied at step 252. 
This pointer updating step is shown at step 254. 
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After step 250 and step 254, the process cx)ntinues to step 255 where it is 
determined whether additional data for the file is located in the "current sector" 
boundaries. To do this, the linked list is consulted to determine the address of the 
next data block for the blocked file and, if this address is within the boundaries, then 

5 the routine returns to step 252, and the block is written to the next available flash firee 
space. Step 254 is then executed and the previous block written back to the flash for 
the file is updated. This loop continues until all the data in the RAM for the file has 
been copied back to the free space on the flash. In this manner, fiagmented data 
blocks for a sector of a blocked file in RAM become defragmented in the flash free 

10 space. 

Then, the routine proceeds to step 244 where it is determined if there are more 
file data blocks in the RAM memory to be copied to the flash for the current sector. If 
there are, then the routine loops back to step 230 to get the file block from RAM. If 
there are no more files, then the routine continues to FIG. 5d and the process is 

15 repeated on the next sector to be restored on the flash memory. 

FIG. 5C shows the operation of the routine after it has been determined, at step 
242 of FIG. 5b, that a contiguous file fit)m the sector being currently restored carries 
over into the next sector to be restored on the flash memory. In this case, step 256 is 
executed and the next sector on the flash array (i.e., the next consecutive sector on the 

20 array to which the restoration procedure has not yet been implied) is addressed. Then, 
at step 258, the contiguous file data on this sector is copied to the RAM memory. As 
noted above, the system keeps track of how much additional data for the contiguous 
file needs to be copied from the flash array to the RAM. Once this data is copied, it is 
determined at step 260 whether there are any additional files on this sector of the flash 

25 memory. 

If there are additional file data blocks on the sector as determined by the list, 
then the routine returns to FIG. 5A to examine and copy these files. If there are no 
more such blocks, step 262 is executed and the sector is formatted. Once formatted, 
the routine returns to the steps of FIG. 5b to copy the valid data from the RAM back 

30 to the flash memory. Thus, the method of FIG. 5c is executed whenever a contiguous 
file '*runs over" into another sector. Rather then returning to FIG. 5A, and going to 
the next file on the next sector, the routine copies the remaining data for the 
contiguous file from the next sector, thereby keeping the data contiguous and 
maintaining the file format. A list or pointer can be kept to ensure that the rest of this 

35 contiguous data is copied and that the program does not erroneously skip to the next 
file. 

Turning now to FIG. 5D, which continues from block 244 of FIG. 5b, the next 
sector in the flash memory is addressed at block 356. Then it is determined, at block 
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357 whether there is more data for the blocked file at issue (from FIG. 5B) in the next 
flash sector. If there is more data, block 358 is executed and the blocks are 
continually copied to the RAM from the sector. This loop from block 357 to block 

358 continues until there are no more data blocks for the file in the sector. 

5 Then, it is determined, at block 360, if there are any more files in the sector. If 

this is answered in the affirmative, then the program continues to FIG. 5a so that these 
files can be copied to RAM. If there are not any more files, then the sector is ready to 
be formatted and this occurs at step 362. The process then continues to FIG. 5B so the 
valid flash files in RAM can be restored contiguously. 

10 When data is copied from the RAM memory back to the flash memory, as 

discussed above in relation to FIG. 5b, the data is copied back to the flash in 
consecutive order starting from the block following the block allocation bitmap 62. A 
pointer is kept to keep track of where the next data should be written on the flash 
memory - i.e., where the next free space begins. Also, the bitmap 62 in the flash 

15 memory is continually updated to show where data has been written to the flash. The 
bitmap will fill consecutively from the start througji the end. Accordingly, data is 
written from the current sector of the flash memory to the RAM, the flash memory is 
formatted, and then the valid data is written back to the flash memory to wherever the 
next free space begins, rather than to the cxirrent sector (although the next available 

20 frGo space may be the c\irrent sector). This keeps all vaUd data contiguous at the front 
of the flash memory and all fi^e space contiguous to the end of the flash memory. 

The process of FIG. 5 is depicted schematically in FIG. 6. The current sector 
is sector 37. The data on this sector is transferred to the external RAM 24. Sector 37 
is then formatted to free up additional free space. Valid data in the RAM 24 is then 

25 copied back to the flash device 20 at the next available free space. The next available 
fce& space on the flash device shown in FIG, 6 is sector 34, block 44. A pointer is 
maintained to keep track of the next available free space, as is the bitmap 63. 

It should be imderstood that the process depicted in FIG. 5 is one preferred 
embodiment of the present invention and that numerous other embodiments could be 

30 derived without dq)arting from the scope of the invention. For example, it is 
contemplated that a second flash memory array could be utilized for the designated 
free space. This second array could be equal in size to the first flash memory and 
have address configurations which correspond to that of the flash memory. Then, the 
entire first flash memory could be copied to the second flash memory and reformatted. 

35 The defragmentation procedure would then consist of utilizing the linked headers, 
now located in the second flash memory, to locate valid files and return them in to the 
first flash memory in consecutive order, such that defragmentation occurs. Because 
the headers would still be linked in the second flash memory, valid blocked files 
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which are fragmented across the second flash, could be returned to the first flash in a 
defragmented format. For example, if a blocked file is reached in die second flash 
through the linked headers, and the header indicates that it is valid, it can be copied 
back to the first flash in the same order indicated by its block header pointers. Thus, 

5 m the example of FIG. 2 and FIG. 4a, file 1 would be copied back to the next 
available fi^e space on the first flash memory in the following order: block 64 then 
block 66 then block 80 then block 94 then block 96. This would make all blocks for 
the blocked file I contiguous in the first flash memory. As anotiier altemative, valid 
files can be restored to the flash in their original order but with the deleted portions 

10 removed and the valid files joined, such that all valid data is contiguous. 

The methods depicted above are preferably embodied in computer programs 
that utilize input statements, ou^ut statements, decision statements, assignment 
statements, loops, variables, arrays, and/or other statements and techniques. For 
example, the "C" progranuning language could be utilized. As can be understood, 

15 such programs may take on a number of forms and arrangements, utilize a variety of 
variable names and commands, and be implemented in any of a number of 
programming languages without departing from the scope of the invention. 

The foregoing description of the preferred embodiment of the invention has 
been presented for purposes of illustration and description. It is not intended to be 

20 exhaustive or to limit the invention to the precise form disclosed, and modifications 
and variations are possible in light of the above teachings. The embodiment was 
chosen and described in order to best illustrate the principles of the invention and its 
practical application to thereby enable one of ordinary skill in the art to best utilize the 
invention in various embodiments and with various modifications as are suited for the 

25 particular use contemplated. It is intended that the scope of the invention be defined 
by the claims £^pended hereto. 



19 



wo 99/56212 



PCT/US99/08937 



What is claimed is: 

1. A system for reclaiming memory filled by invalid data on a flash memory 
device, the system comprising: 

a flash memory device divided into a plurality of individually erasable memory 
portions; 

a designated memory area; 

a memory reclamation mechanism configured to copy all valid data from one 
of the memory portions of the flash memory to the designated memory area, erase the 
memory portion that was copied, write the valid data from the memory area 
contiguously to the next available free space on the flash memory device, and to 
repeat the copying, erasing, and writing for each of the plurality of memory portions in 
a consecutive order. 

2. The system as recited in claim 1, wherein the designated memory area has a 
memory capacity at least as large as one of the memory portions, wherein the plurality 
of memory portions have successive addresses from a first portion to a last portion, 
and wherein the reclamation mechanism is configured to start the copying, erasing, 
and writing at the first portion and continue without interruption fit)m portion to 
portion consecutively through the last portion. 

3. The system as recited in claim 2, wherein the next available fi^e space 
comprises the next erased location on the flash memory device beginning from the 
first portion on the device, and whereiii the reclamation mechanism contiguously 
writes the valid data from the memory area to the next available firee space such that 
all valid data becomes contiguous on a first contiguous segment of the flash device 
and ail free space becomes contiguous on a second contiguous segment of the device 
after the reclamation mechanism has repeated the copying, erasing, and writing for 
each of the portions on the device. 

4. The system as recited in claim 1, wherein each of the memory portions 
comprises a sector and each sector comprises a plurality of individually readable and 
writable blocks. 

5. The system as recited in claim 1, wherein each of the memory portions 
comprises a sector and each sector comprises a plurality of individually readable and 
writable blocks, and wherein the system fiirther comprises: 

a file management mechanism configured to store files in the flash memory 
device in both contiguous formats and blocked formats. 
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6. The system as recited in claim 1, wherein the valid data on the memory area 
has a file format associated therewith, and wherein the reclamation mechanism is 
configured to write the valid data to the next available fi-ee space in a manner which 
maintains the file format of the valid data. 

7. The system as recited in claim 1, wherein die designated memory area 
comprises random access memory external to the flash memory device. 

8. The system as recited in claim 1, wherein the valid data comprises at least one 
file, wherem the at least one file includes a pointer for pointing to the address of the 
next file on the flash memory; 

and wherein the reclamation mechanism is configured to update the pointer of 
the at least one file header after it is written firom the memory area to the next 
available fi-ee space. 

9. The system as recited in claim 1, wherein valid data comprises a plurality of 
files, each file bemg stored in either a contiguous file format or a blocked file format 
having at least one block, wherein each block of a blocked file includes a pointer 
which pomts to the address of the next block for the file, and wherem the reclamation 
mechanism is configured to update the pointer of each block of a blocked file after it 
is written to the next available firee space. 

10. The system as recited in claim 1, fiirther comprising: 

a pointer configured for keeping track of the address of the next available firee 
space on the flash device, wherein the reclamation mechanism updates the pointer 
after writing the valid data to the next available free space. 

11. The system as recited in claim 1, fiirther comprising a bitmap saved on the 
flash memory device for keeping track of the next available free space on the device, 
wherein the reclamation mechanism updates the bitmap after writing the valid data to 
the next available free space. 

12. The system as recited in claim 1 , wherein each portion comprises a plurality of 
physical sectors on at least one flash memory chip. 

13. A method for reclaiming memory filled by invalid data on a flash memory 
device, comprising: 
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accessing an individually erasable memory portion of a flash memory device; 
copying valid data from the accessed portion to a designated memory area 
having a memory capacity at least as large as the accessed portion; 
erasing the accessed memory portion; 

writing the valid data from the designated memory area to the next available 
free space on the flash memory device such that the valid data is stored contiguously 
on the next available free space; and 

repeating the above steps on each successive individually erasable memory 
portion of the flash memory device. 

14. The method as recited in claim 13, fixrther comprising: 

after the writing step, updating a pointer mechanism to indicate the location of 
the next available free space on the flash memory device. 

15. The method as recited in claim 13, wherein the memory portions have 
successive addresses from a first portion to a last portion, wherein the steps are started 
at the first portion and repeated on each successive portion through the last portion in 
a continuous manner, such that all valid data becomes contiguous on a first contiguous 
segment of the flash memory and all free space becomes contiguous on a second 
contiguous segment of the flash memory, 

16. The method as recited in claim 13, wherein each memory portion comprises a 

sector and each sector comprises a plurality of individually readable and writable 

blocks, the method further comprising: 

prior to all other steps: 

storing the valid data to the flash memory device in either a contiguous 

file format or a blocked file format as desired; 

when a new file is stored to the flash memory device, updating a file 
pointer for the previously stored file such that the file pointer points to the 
address of the new file; and 

when a new block of a blocked file is stored to the memory device, 
updating a block pointer for the previously stored block of the blocked file, 
such that the block pointer points to the address of the new block. 

17. The method as recited in claim 16, wherem the file format is preserved during 
the writing step. 
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1 8. The method as recited in claim 16, further comprising: 

when a new block of a blocked file is written from the memory area to the next 
available free space, updating the block pointer for the block previously written from 
5 the memory area to the next available free space for the blocked file, such that the 
updated block pointer points to the address of the new block written. 

19. The method as recited in claim 1 3, further comprising: 

when a new file is written from the memory area to the next available free 
space, updating a file pointer for the previous file written from the memory area to the 
5 next available free space, such that the updated file pointer points to the address of the 
new file written. 

20. The method as recited in claim 13, wherein the writing step comprises: 
determining whether a file in the designated memory area is in a blocked 

format or a contiguous format; and 
5 if the file is in a contiguous format, writing all data for the contiguous file in 

the designated memory area to the flash memory device at the next available free 
space. 

21. The method as recited in claim 13, wherein the writing step comprises: 
determining whether a file in the designated memory area is in a blocked 

format or a contiguous format; and 
5 if the file is in a blocked format, writing all data for the blocked file in the 

designated memory area to the flash memory device contiguously at the next available 
free space. 

22. A computer-readable medium having encoded thereon a method for reclaiming 
invalid memory on a flash memory device, wherein the flash memory device includes 
a plurality of individually erasable memory portions ranging from a first portion to a 

5 last portion, the method comprising: 

accessing the first portion of the flash memory device; 
copying valid data from the accessed portion to a designated memory area 
having a size at least as large as the accessed portion; 
erasing the accessed memory portion; 
10 writing the valid data from the designated memory area to the next available 

free space on the flash memory device such that the valid data is stored contiguously 
on the next available free space; 
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after the writing step, updating a pointer mechanism to indicate the location of 
the next available free space on the flash memory device; and 
15 repeating the steps on each successive individually erasable memory portion 

through the last portion of the flash memory device in a continuous manner, such that 
all valid data becomes contiguous on a first contiguous segment of the flash memory 
and all free space becomes contiguous on a second contiguous segment of the flash 
memory. 

23. The method as recited in claim 22, ftirther comprising: 

when a new file is written fi^m the memory area to the next available free 
space, updating a file pointer for the previous file written from the memory area to the 
5 next available free space, such that the file pointer points to the address of the new file 
written. 

24. The method as recited in claim 22, wherein the writing step fiirther 
comprises: 

determining whether a file in the designated memory area is in a blocked 
format or a contiguous format; and 
5 if the file is in a blocked format, writing all data for the blocked file in the 

designated memory area to the flash memory device contiguously at the next available 
free space. 

25. The method as recited in claim 22, wherein the valid data may be in 
one of a plurality of file formats, and wherein the file format of the valid data is 
preserved during the writing step. 

26. A system for reclaiming memory filled by mvalid data on a flash memory 
device, the system comprising: 

an erasable flash memory device in a printer; 
5 a designated memory area in said printer, and 

a memory reclamation mechanism in said printer configured to copy all valid 
data from the flash memory to the designated memory area, erase the flash memory 
that was copied, and write the valid data from the memory area contiguously to the 
flash memory device. 
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